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LAUTKELETNI NAAYAKEK SATA KAH RABMEL  
 
 naakatsupreP id aidesret nad ratfadret ini naktibretid kadit gnay rihkA saguT
 ,mumu kutnu akubret halada uaiR misaK firayS natluS iregeN malsI satisrevinU
 isnerefeR .silunep adap ada atpic kah awhab nautnetek nagned  naakatsupek
 nakukalid tapad aynah nasakgnir uata napitugnep ipatet ,tatacid naknanekrepid
 atres haimli naasaibek nad hadeak tukignem nakukalid surah nad silunep nizi sata
.aynrebmus naktubeynem  
 rihkA saguT hurules uata naigabes natibrenep uata naadnaggneP  surah ini
 satisrevinU igolonkeT nad sniaS satlukaF nakeD irad silutret nizi helorepmem
 saguT nakmajnimem tapad naakatsupreP .uaiR misaK firayS natluS iregeN malsI
 laggnat nad ,namajnimep adnat ,aman isignem nagned aynatoggna kutnu ini rihkA




NAATAYNREP RABMEL  
 
i nagneD A saguT malad awhab nakataynem ayas in  tapadret kadit ini rihk
 utaus id naanajrasek raleg helorepmem kutnu nakujaid hanrep gnay ayrak
 uata ayrak tapadret kadit aguj ayas nauhategnep gnajnapes nad ,iggniT naurugreP
 gnay tapadnep id hanrep   araces gnay ilaucek nial gnaro helo naktibretid uata silut
lad ucaid silutret id naktubesid nad ini haksan ma  .akatsup ratfad malad  
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NAHABMESREP RABMEL  
 
hisakamireT   adapek asE ahaM gnaY nahuT rukuys dujus ,   uk
uk rep  ahaM nan gnugA ahaM gnay nahuT ay umadapek nakhabmes
 sata ,gnayayneP ahaM nan lidA ahaM nan iggniT asauk  uak halet um
 ,umlireb ,rikipreb asaitnanes gnay aisunam uka nakidaj  nad namireb
 ini nalisahrebek agomeS .ini napudihek inalajnem malad rabasreb
atic hiarem kutnu ukigab lawa hakgnal utas idajnem - .ukraseb atic  
ukautgnaro kutnureT  ,  ayrak haubes nakhabmesrep uk  licek
 apureb mnarabasek sata hisakamireT .umkutnu ini rihka sagut  u
s od sata hisakamiret ,ini amale  a  uak gnay isavitom nad tagnames
kutnu nakireb   nad hadil sata hisakamiret ,ini taas iapmas aggnih uk
 tahisan gnadakret ualaw ukitahisanem halel hanrep kat gnay tulum
a uk gnires uti nakiab  kat gnay umuhab kutnu hisakamireT .  hanrep
id uknaradnas tapmet idajnem kutnu halel  kurupret hagnet uka taas  
 kiab hibel gnay gnaro idajnem raga ukitagnameynem ilabmek nad
 nahalasek alages nakfaaM .aynnapedek kutnu  gnay ini amales  
id gnay kiab nakukaluk  id kadit nad ajagnes  .ajagnes  
sakamireT  uakgne halet gnay umnaharumek takreb sata nahuT hi
aggnihes nakhapmil  imak   iapmas aggnih irah imed irah iulalem asib
 tikas irad ialum nad gnanes aggnih hasus irad ialum ini taas adap
hes aggnih ayniulalem amas amasreb atik ta  agomeS . nahuT  
irad umnakhuajnem   alages salabmem ,ayahabaram alages
umnakiabek , id ulales uakgne agomes nad   audek iahaw natahesek ireb
.ukaut gnaro  
 ukA  aguj   ikilimem rukuysreb  nad kakak kida - kida ku  kat gnay
 ulales nad halas akij ukrugenem ,tahisan ukirebmem halel hanrep
akirebmem n  uk  kiab kadit nakukal uka gnay apa akij nakkusam
turunem  nailak  . ikilimem gnutnureb ukA   nad kakak kida -  ukkida
( gnatohiS inayaR ) )gnatohiS adniluY( ,  ( nad gnatohiS inaD ). 




 atik ,itawel atik halet gnay utkaw kutnu hisakamireT sam itawelem  a
amasreb akud akus -  raga lah kaynab uknakrajagnem halet nad amas
t uka maidnep gnay naupmerep idajnem kadi   aynsarek nagned
 asib uka raga uktroppusnem kaynab halet hisakamiret ,napudihek
 nautnab sata hisakamiret ,ipadah uka hanrep gnay nagnatnir iulalem
gnay  .isavitom nupuata tahisan kiab ini amales nakireb nailak   adapeK
 uyA :dauqS_namiladnA atoggna l  atidaraP nad nanubmaT iratse
alebmaniS  atoggna adapeK . slriG oG oG  :  ,amhaR ,ekkI ,inairtiF ,yneF
 hamalaS ,itaR  nad  .akirfayS namet hurules adapeK -  uknamet   gnay
t  uknakirebmem halet gnay utas rep utas naktubesid tapad kadi
isasinagro nad awsisaham ainud lanegnem natapmesek  gnay   ulales
anraw isaihgnem - id napudihek inraw   amiret ,uknahailukrep asam
 atik agomeS .aumes nailak nagnorod nad nautnab alages sata hisak
ulales  id  ajnem malad tagnames ireb akil inal - ...ini napudihek ukil  
 adapeK cS.M ,heloS dammahoM kapaB   gnibmibmep nesod ukales
 naajregnep malad gnibmibmem malad rabas nad kiab tagnas gnay
 ,ini rihka sagut nojirpA kapaB iS.S , M , dE.   gnibmibmep nesod ukales
 kimedaka tnu isavitom irebmem ulales gnay nahailukrep sesorp ku  ubI ,
 cS.M ,aduM atinelsuY .rD  nad cS.M ,inayruS amrI ubI   ijugnep ukales
nakirebid halet gnay naras nad kitirk sata ayas rihka sagut  .  adapeK
 nesod hurules akitametaM iduts margorp  tlukaF  nad sniaS sa
nkeT  uaiR aksuS niU igolo   natapmesek uknakirebmem halet gnay
.kiab nagned nahailukrep ainud hupmenem  
uk asib gnay hisakamiret niales nial atak adaiT   nailak kutnu nakpacu
.aumes  id kujeynep nubme nakiagab nailaK  ulales nad irah igap  
uynesret uktaubmem  .m nakfaaM   hanrep gnay nahalasek alages
.ini amales taubrepuk   nailak kutnu naktajnapuk ulales naka aoD
aumes  .ini ispirks nakhabmesrep uka uti amasreb  
 
~ gnatoH.rB adirevlE aneL ~ 
iiv i 
 
 AKIMANID PADAHRET ITAM NAMUKUH HURAGNEP
 ADAP AISENODNI ID ABOKRAN ANUGGNEP HALMUJ




GNATOH.RB ADIREVLE ANEL  
11 788102454  
 
 
 : gnadiS laggnaT  02   rebmeseD  102 9 
  :adusiW laggnaT                                  9102  
 
 
idutS margorP  akitametaM  
igolonkeT nad sniaS satlukaF  
uaiR misaK firayS natluS iregeN malsI satisrevinU  





 ini rihka sagut adaP sahab id naka    gnatnet  abokran anuggnep halmuj akimanid akitametam ledom
 nakitahrepmem nagned ada ayn  h kapmad/kefe isargim aynada nad itam namuku   nakanuggnem
IS ledom .R  IS ledom adaP R biliuke kitit nalibatsek nad muirbiliuke kitit naklisahid  .aynmuir






� 1 nad  𝑅0 �
𝛾𝛽
𝐷3
� 1  muirbiliuke kitit nalibatsek nakgnadeS . kimedne   anuggnep
abokran   kitotmisa libats naka  nagned  htuoR nalibatsek airetirk nakanuggnem - ztiwruH  nakukaliD .
h naktapadid nad isalumis aynraseb helo nakutnetid tagnas abokran anuggnep awhab lisa   ujal
 nagned anuggnep udividni kopmolek aratna abokran nakanughalaynem naasaibek naralunep
 natner udividni kopmolek (𝛼)  nahubmesek takgnit ujal , (𝛽)  gnay itam namukuh kapmad/kefe ujal ,
 hatniremep nakukalrebid hadus (𝑘)  isargimi ujal nad (𝑚1) J .  aki 𝛼  nad 𝑚1  irad licek 𝛽  nad 𝑘  akam
nuggnep tikides nikames naka abokran a J .  aki 𝛼  nad 𝑚1  irad raseb 𝛽  nad 𝑘  anuggnep akam
.kaynab nikames naka abokran  
 
 
icnukataK : H ,itam namuku   ,isargim m RIS ledo  , htuoR -  ,ztiwruH ke kitit u muirbili . 
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TSBA TCAR  
 
 rebmun eht fo scimanyd eht fo ledom lacitamehtam eht tuoba dessucsid eb lliw tcejorp lanif siht nI
 gnisu noitargim dna ytlanep htaed eht fo stceffe / stceffe eht tnuocca otni gnikat yb sresu gurd fo
a tniop muirbiliuqe eht ,ledom RIS eht nI  .ledom RIS eht  era ytilibats tniop muirbiliuqe eht dn
 eb lliw sresu gurd ,tniop muirbiliuqe cimedne eht fo ytilibats eht fo sisylana retfA  .decudorp





� 1 na  d 𝑅0 �
𝛾𝛽
𝐷3
� 1  .  cimedne fo ytilibats eht saerehW
gurd rof stniop muirbiliuqe  htuoR eht gnisu elbats yllacitotpmysa eb lliw sresu -  ytilibats ztiwruH
 yrev erew sresu gurd taht deniatbo erew stluser eht dna tuo deirrac erew snoitalumiS  .airetirc
spuorg neewteb esuba gurd fo noissimsnart fo etar eht fo edutingam eht yb denimreted hcum   fo
laudividni fo spuorg elbarenluv dna sresu  s (𝛼) eruc fo etar eht ,  (𝛽)  fo tcapmi / tceffe fo etar eht ,
 eht yb desopmi neeb dah taht ytlanep htaed eht nemnrevog t (𝑘) oitargimmi fo etar eht dna  n (𝑚1).   
fI  (𝛼) dna  (𝑚1) naht rellams  (𝛽) na  d (𝑘)  sresu gurd neht  lliw ssel dna ssel eb  . fI  (𝛼) dna  (𝑚1) 
naht retaerg  (𝛽) dna  (𝑘) .sresu gurd erom dna erom eb lliw ereht neht  
 





RATNAGNEP ATAK  
  
 sata asE ahaM gnaY nahuT adapek naktajnap silunep rukuys nad ijuP
ainuraK nad ,umlI ,takreB -  nad nakajregnem tapad silunep aggnihes ,ayN
 luduj nagned ini rihkA saguT nakiaseleynem “  itaM namukuH huragneP
 anuggneP halmuJ akimaniD padahreT  isalupoP adaP aisenodnI id abokraN
akubreT  ” kutnu tarays utas halas iagabes   id kimedaka anajras raleg naktapadnem
 idutS margorP akitametaM  nad sniaS satlukaF   gnay ilakes kaynaB .igolonkeT
namalagnep nad nauhategnep umli apureb helorep silunep halet   amales
 idutS margorP id nakididnep hupmenem akitametaM  saguT parahreb siluneP .
rihkA   .aynnakulremem gnay kahip aumes igab anugreb tapad aynitnan ini
ini rihkA saguT nasiluneP   akaM .kahip iagabreb irad nautnab irad sapelret kadit
unep ini natapmesek adap ,uti irad sil   aynsulutes gnay hisakamiret nakpacugnem
kahip adapek -   :tukireb tiakret gnay kahip  
.1   nakirebmem nad naka’odnem halet gnay ayas aut gnarO audek awemitsireT
 seskus aggnihes rabas nad lakawat tapad ayas raga isavitom atres ,nagnukud
ad naracnalek helorepmem nakiaseleynem mal  .kiab nagned ini rihka sagut  
.2  orP kapaB  .rD .f K A .H k gA.M ,gA.S ,nidihajuM damh   rotkeR ukales
eN malsI satisrevinU .uaiR misaK firayS natluS ireg  
.3   .rD kapaB srD . iwamraD damhA M , .Ag  nad sniaS satlukaF nakeD ukales
igolonkeT   malsI satisrevinU eN .uaiR misaK firayS natluS ireg  
.4   akitametaM idutS margorP auteK ukales cS.M ,anivseD inaP irA ubI
 malsI satisrevinU igolonkeT nad sniaS satlukaF  misaK firayS natluS iregeN
.uaiR  
.5   ,inayrA irtiF ubI cS.M   akitametaM idutS margorP siraterkeS ukales
 misaK firayS natluS iregeN malsI satisrevinU igolonkeT nad sniaS satlukaF
.uaiR  
.6   ubI  ubI nad cS.M ,aduM atinelsuY .rD  ijugneP ukales cS.M ,inayruS amrI
gnay   halet gut nasilunep malad naras  nad nakitirk nakirebmem .ini rihka sa  
ix  
 
.7  cS.M ,heloS dammahoM kapaB   gnay rihka sagut gnibmibmeP ukales  halet
 ,isavitom ,naras ,nahara irebmem ,nagnibmib irebmem ,utnabmem kaynab
.ini rihka sagut nasilunep malad aynumli atres nagnukud  
.8   nad sniaS satlukaF akitametaM nesod aumeS  irebmem halet gnay igolonkeT
.aynumli atres isavitom ,nakusam  
.9  nameT -  namet dauqS_namiladnA  (  atidaraP nad nanubmaT iratseL uyA
srA.S ,alebmaniS )  nad slriGoGoG  (  ,iS.S ,amhaR ,iS.S ,ekkI ,irtiF ,yneF
 iipeS(akirfayS nad hamalaS ,itaR inamenem aites hisam gnay )   silunep
 .ini rihka sagut naiaseleynep malad  
.01   malad isavitom irebmem nad utnabmem kaynab halet gnay kahip aumeS
 kadit gnay iaseles aggnih lawa irad ialum ini rihkA saguT naajregnep
 umli agomes aynnautnab sata hisakamiret ,utasrep utas naktubesid nikgnum
ay   .taafnamreb tapad silunep adapek nakirebid gn  
  lama idajnem silunep adapek nakireb akerem halet gnay nakiabek agomeS
alab tapadnem nad nakiabek  irad lapmites gnay nas nahuT .niimaA .   
  tapadret kaynab hisam ini naropal nasilunep malad iradaynem ayaS
atres nagnarukek   ayas ,itah nahadnerek alages nagned uti kutnu ,nahalasek
id kiab hibel raga ,nugnabmem tafisreb gnay kitirk atres naras alages amirenem  
.gnatad naka gnay asam  
 igab aynsusuhk anugreb tapad ini rihkA saguT naropal agomes ,ayas naparaH
ilunep  asamid acabmep igab asaib raul gnay taafnam nakirebmem atres ,iridnes s
 .gnatadnem  
  
,urabnakeP  
  siluneP  
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I BAB  
NAULUHADNEP  
 
1.1  gnakaleB rataL  
 malad nakkusam id akij gnay ayahabreb nahab uata tabo halada abokraN
 tapad nakkitnus id nupuam purih id ,munim id araces kiab ,aisunam hubut
 nialeS .gnaroeses ukalirep nad naasarep uata itah anasaus ,narikip habugnem
 helo aynsusuhk naklanekrep id gnay nial halitsi ,abokran  nataheseK nairetnemeK
aisenodnI kilbupeR   halada azpaN  kapurem gnay  irad natakgnis na akitokran  ,
akiportokisp  nad , fitkida taz . 
 utkaw irad natakgninep imalagnem abokran naanughalaynep ,aisenodnI iD
 naanughalaynep )NNB( lanoisaN akitokraN nadaB atad naropaL .utkaw ek
 uata %77,1 kaynabes 7102 nuhat adap nad %81,2 kaynabes 4102 nuhat id abokran
j 3,3 ratikes  gnurednec abokran naanughalaynep halmuj nupualaW .awij atu
 adap ,raseb pukuc gnay akgna gnologret hisam tubesret akgna numan nurunem
%1,2 idajnem kian 8102 nuhat .  ,nakatagnem okraniW ureH NNB alapeK
takgninem akitokran naanuggnep ayntakgninem nagnurednecek   nabrok nagned
kana nagnalak irad pukacnem -  01 aisu gnatner adap aragen tarapa aggnih kana
 ,C ,otnaitsiR( nuhat 95 iapmas moc.sapmok.lanoisan//:sptth U .)  ulrep uti kutn
 isatagnem kutnu takaraysam nad hatniremep irad hibel gnay naitahrep aynada
ep  nahalasamr abokran . 
 alop anamiagab iuhategnem nagned halada tubesret arac aparebeB
 ,aynnarabeynep maderem kutnu ayapu naklamiskamem nad abokran narabeynep
tarebes namukuh nakirebmem nagned utiay -  nad radegnep adapek ayntareb
iskam ayapu nakukalem atres abokran udnacep  arap isatilibaherem malad lam
 tubesret ayapu ,ayapu iagabreb nakukalem halet hatniremeP .abokran udnacep
 naanughalaynep ayahab naka nagnarenep uata nahuluynep nakukalem aynaratnaid
 .halokes ek nad takaraysam adapek abokran  
nakukalid gnay ayntujnales ayapU   nakaideynem nagned halai hatniremep






 kefe taubmem kutnu naujutreb namukuh napareneP .abokran anughalaynep kutnu
ad ilabmek abokran iakamem kadit raga abokran iakamem gnay adapek arej  n
 laH .aynabocnem kutnu kiratret kadit raga abokran iakamem muleb gnay adapek
 hadus gnay hatniremep nakukalid gnay nakadnit nagned naakitkubid ini
 ayntareb ,fusuY turuneM .abokran gnobmeg aparebeb itam isukeskegnem
ap nakrasadreb nakukalid tubesret namukuh  nad ,naruku ,sinej ,nagnolog ad
.abokran halmuj  
 kutnu fitkefe pukuc muleb tubesret ayapu irad nakadnit ,ataynreT
uggnanem ep halmuj nahabmatrep ignal anuggn   .takgninem suret gnay abokran
nid tahilem kutnU ep halmuj nahabmatrep akima anuggn  ukalid tapad abokran nak  
p halmuj nakledomem nagned anuggne   ledom kutneb maladek abokran
metsis irad isatneserper nakapurem akitametam ledoM .akitametam -  kisif metsis
 nakledomem nagneD .akitametam naataynrep malad atayn ainud melborp uata
rebmem tapad nakparahid tubesret halasam  hupmetid tapad gnay isulos naki
.akitametam isgnuf utaus uata akitametam naamasrep utaus naktaafnamem nagned  
bmep nagned tiakret naitilenep aparebeB  utiay ini nasaha ( ,hisgninirS yriR  
)5102  lanruj malad ayn  “ ludujreb gnay  padahret itaM namukuH huragneP
maniD aisenodnI id abokraN anuggneP halmuJ aki  naksalejnem tubesret  lanruJ .”
 naka abokran radegnep nad anuggnep adapek itam namukuh naparenep gnatnet
am kutnu abokran naanughalaynep halmuj ignarugnem kefereb  naka gnay as
 .gnatad (  ilE ,aziluY  y lanruj malad )4102 “ ludujreb gna  halmuJ akitametaM ledoM
isatilibaheR margorP nagned abokraN iakameP  ,naksalejnem tubesret lanruJ .”
 id gnarukreb abokran iakamep halmuj akam isatilibaher margorp aynada nagned
.gnatad naka gnay asam  
 naidumeK ( irtuP  irasadnaM ikziR , ,.kkd  lanruj malad )8102 ayn   gnay
“ ludujreb  napareneP nad isatilibaheR margorP huragneP akitametaM ledoM
abokraN iakameP halmuJ padahreT namukuH  ,naksalejnem tubesret lanruJ .”
 nikames abokran iakamep halmuj akam raseb gnay namukuh naparenep nagned
nkilabeS .licek  iakamep halmuj akam licek tubesret namukuh naparenep akij ay
.kaynab nikames abokran   utiay namukuh kefe nakhabmanem gnay sinejes lanruJ






 nagned kokkoreP halmuJ nahabmatreP nahagecneP adneD napareneP  lanruJ .”
 gnay adned satifitkefe takgnit rasebrepmem nagned naksalejnem tubesret
 aynlisahreb gnaulep aynidajret licekrepmem tapad kokorep adapek nakirebid
 nagneD .kokorep idajnem laisnetop gnay gnaro nagned kokorep aratna katnok
 ,utigeb ames  naka kokorem naasaibek irad faysni gnay gnaro kaynab nik
.kokorep isalupop ignarugnem  
( ayntujnaleS  naiD ,irasamtaF  ,.kkd  d )7102 reb gnay aynlanruj mala  luduj
“  adap ipareT nagned SDIA/VIH tikayneP narabeyneP akitametaM ledoM
 isalupoP akubreT  tubesret lanruJ .”  awhab naksalejnem  tikaynep narabeynep ujal
 SDIA/VIH  helo amiretid gnay iparet ujal aynraseb helo ihuragnepid tagnas
 iskefniret gnay udividni VIH  huragnepreb aguj akubret gnay isalupop tafiS .
gnisam adap isalupop halmuj padahret - us gnisam .isalupopb  adaP   yriR lanruj
hisgninirS  id muleb   kududnep halmuj lahadap isargim aynada gnatnet iuhatek
id tagnas   isalupop utaus id kududnep aynkusam raulek ada anerak ihuragnep
 .tubesret kgnabmegnem nigni silunep ,uti anerak helO hisgninirS yriR lanruJ na  
a aynada nakhabmanem nagned eP .isargim ismus lun i irebmem s   luduj  rihka sagut
 ini  anuggneP halmuJ akimaniD padahret itaM namukuH huragneP“
.”akubreT isalupoP adap aisenodnI id abokraN  
 
2.1  halasaM nasumuR  
ay halasam nasumur ,sataid gnakaleb ratal nakrasadreB  sahabid naka gn
 :halada ini naitilenep malad  
.1  utneb anamiagaB p halmuj akitametam ledom k anuggne   nagned abokran
?akubret isalupop adap itam namukuh huragnep nakirebmem  
.2   kitit anamiagaB muirbiliuke kitit nalibatsek nad muirbiliuke   irad  ledom
 akitametam halmuj  ep anuggn   huragnep nakirebmem nagned abokran
?akubret isalupop adap itam namukuh  
.3  anamiagaB  kiremun isalumis  ep halmuj akitametam ledom anuggn   abokran







3.1  halasaM nasataB  
 halasam nasatab nupadA  :halada ini naitilenep malad  
.1  .isargim sesorp idajret aynitra ,akubret tafisreb isalupoP  
.2   nakitahrepmem kadiT  hayaliw saul .nimalek sinej nad  
.3   gnutihret isalupop atoggna aisU
 
� 01  .nuhat  
 
4.1  naitileneP naujuT  
 tilenep irad naujut ,halasam nasumur nakrasadreB :kutnu halada ini nai  
.1  dom kutneb helorepmeM ep halmuj RIS akitametam le anuggn  abokran  
kuh huragnep nakirebmem nagned u .akubret isalupop adap itam nam  
.2  helorepmeM   kitit muirbiliuke kitit nalibatsek nad muirbiliuke  irad   ledom
akitametam  ep halmuj anuggn   abokran agnep nakirebmem nagned  hur
kuh u .akubret isalupop adap itam nam  
.3   helorepmeM kiremun isalumis  irad  akitametam ledom  ep halmuj anuggn  
abokran  kuh huragnep nakirebmem nagned u  isalupop adap itam nam
.akubret  
 
5.1  naitileneP taafnaM  
  ini naitilenep irad taafnaM :halada  
.1   ukgnab id helorepid gnay umli nakisakilpagnem tapad awsisahaM
.nahailukrep  
.2   nakhabmanem nagned ,hisgninirS yriR silutid gnay ledom nakgnabmegneM
.akubret isalupop  
.3   halmuj akitametam ledom patet kitit nalibatsek imahameM ep anugg  
irebmem nagned abokran  isalupop adap itam namukuh huragnep nak
.akubret  
.4   lortnognem kutnu hatniremep igab nauca idajnem tapaD  risilaminimem nad









6.1  nasiluneP akitametsiS  
 :utiay ,bab amil irad nasilunep akitametsiS  
 I BAB    nauluhadneP  
rasad nakisireb ini baB -  nasumur ,gnakaleb ratal nasilunep rasad
 naujut ,halasam nasatab ,halasam naitilenep  taafnam , naitilenep , 
.nasilunep akitametsis nad  
II BAB   iroeT nasadnaL  
 ,laisnerefid naamasrep metsis gnatnet naksalejnem ini bab adaP
it  akitametam ledom atres ,patet kitit nalibatsek asilana nad patet kit
 anuggnep halmuj akimanid padahret itam namukuh huragnep
.abokran  
III BAB  naitileneP igolodoteM  
 naitilenep kutneb uata nagnacnar gnatnet nakisireb ini baB
uragnep akitametam ledom ianegnem  padahret itam namukuh h
.abokran anuggnep halmuj akimanid  
I BAB V nasahabmeP  
 huragnep akitametam ledom nasalejnep gnatnet isireb ini baB
.abokran anuggnep halmuj akimanid padahret itam namukuh  
V BAB  putuneP  
 nad nasahabmep irad nalupmisek isireb ini baB  adap narapamep
 ayntujnales itilenep uata acabmep igab silunep naras atres VI baB
 itam namukuh huragnep gnatnet tujnal hibel itilenem nigni gnay
.aisenodnI id abokran anuggnep halmuj akimanid padahret  
II BAB  
IROET NASADNAL  
 
1.2  laisnerefiD naamasreP metsiS  
 naamasreP d  utaus utiay laisnerefi p  taumem gnay naamasre uata laisnerefid  
 hibel uata utas padahret sabeb kat lebairav hibel uata utas irad isgnuf nanurut
 isgnuf nanurut akij ayntujnaleS .sabeb lebairav  utas adap gnutnagreb aynah uti
 akij nakgnadeS .)BDP( asaiB laisnerefiD naamasreP tubesid akam sabeb lebairav
 tubesid sabeb lebairav utas irad hibel adap gnutnagreb uti isgnuf nanurut
.)PDP( laisraP laisnerefiD naamasreP  
 kutneb mumu araceS p nerefid naamasre  edro reinil lais
 
𝑛  iagabes halada







� ⋯ � 𝑎1(𝑥)
𝑦𝑑
𝑥𝑑
� 𝑎0(𝑥)𝑦 � 𝑔(𝑥)              )1.2(  
 kutneb nakgnadeS p aamasre  halada raenilnon laisnerefid n p  kadit gnay naamasre
 naamasreP kutneb malad ek naksilutid tapad iguS( )1.2( .)5102 ,otra  
 kutnebret naka akam ,laisnerefid naamasrep aparebeb tapadret alibapA
 naamasrep metsis utaus irad mumu kutneB .laisnerefid naamasrep metsis utaus
:)1002 ,okreP( tukireb iagabes halada amatrep edro laisnerefid  
𝑥𝑑 1
𝑡𝑑
� 𝑓1(𝑡, 𝑥1, 𝑥2, … , 𝑥𝑛 ) 
𝑥𝑑 2
𝑡𝑑
� 𝑓2(𝑡, 𝑥1, 𝑥2, … , 𝑥𝑛 ) 
          ⋮         )2.2(  
𝑥𝑑 𝑛
𝑡𝑑
� 𝑓𝑛(𝑡, 𝑥1, 𝑥2, … , 𝑥𝑛 ) 
 )2.2( laisnerefid naamasreP tapad   rotkev nagned rotkev naamasrep iagabes silutid
 molok  𝒙 � �𝒙𝟏,  𝒙𝟐, … , 𝒙𝒏�𝑻  nad 𝒇 � �𝒇𝟏,  𝒇𝟐, … , 𝒇𝒏�𝑻 metsiS .   naamasrep
:tukireb iagabes silutid tapad )2.2( laisnerefid  
?̇? � 𝒇(𝒕, 𝒙).         )3.2(  
 lavretni utaus adap n irad laisnerefed isgnuf nalupmukes halada )3.2( irad isuloS







𝑥1 � �1(𝑡), … , 𝑥𝑛 � �𝑛(𝑡), 
  lavretni adap )3.2( ihunemem gnay 𝑎 � 𝑡 � 𝑏. 
  malad raenil isgnuf akij raenil metsis halada )2.2( naamasrep metsiS
𝑥1,  𝑥2, … , 𝑥𝑛 :tukireb iagabes silutid tapad  
𝑑𝑥1
𝑡𝑑
� 𝑎 11 (𝑡)𝑥1 � 𝑎 21 (𝑡)𝑥2 � ⋯ � 𝑎1𝑛(𝑡)𝑥𝑛 � 𝑔1(𝑡) 
𝑥𝑑 2
𝑡𝑑
� 𝑎 12 (𝑡)𝑥1 � 𝑎 22 (𝑡)𝑥2 � ⋯ � 𝑎2𝑛(𝑡)𝑥𝑛 � 𝑔2(𝑡) 
⋮         ⋮      ⋮     )4.2(   
𝑑𝑥𝑛
𝑡𝑑
� 𝑎𝑛1(𝑡)𝑥1 � 𝑎𝑛2(𝑡)𝑥2 � ⋯ � 𝑎 𝑛𝑚 (𝑡)𝑥𝑛 � 𝑔𝑛(𝑡) 
:idajnem silutid tapad )4.2( naamasreP  
?̇? � 𝒙𝑨 � 𝒈,         )5.2(  
d nagne , 
𝐴 � �
𝑎 11 (𝑡) ⋯ 𝑎1𝑛(𝑡)
⋮ ⋱ ⋮
𝑎𝑛1(𝑡) ⋯ 𝑎 𝑛𝑛 (𝑡)









 akij negomoh tubesid metsiS 𝑔 � 0, :aggnihes  
?̇? � 𝒙𝑨 .        )6.2(  
 akiJ 𝒈 � 𝟎,  akam metsiS   .negomohnon tubesid )5.2(  
 :1.2 hotnoC  nakirebiD p raenil laisnerefid naamasre   
𝑦𝑑
𝑥𝑑
� 2𝑥 � 1 
akiJ   utaus p  ,sabeb lebairav utas ikilimem aynah laisnerefid naamasre
nnanurut  nad asaib nanurut nakapurem ay p  tubesid aynnaamasre p  naamasre
aynnanurut ,sabeb lebairav hibel uata aud tapadret akij ipateT .asaib laisnerefid  
 nad laisrap nanurut nakapurem p naamasre  tubesid ayn p  laisnerefid naamasre
c iraD .laisrap 1.2 hotno   nakapurem p m anerak asaib laisnerefid naamasre  ikilime
x utiay sabeb lebairav utas . 













� 𝑥1 � 2𝑥2  
𝑑𝑥2
𝑡𝑑
� 3𝑥1 � 4𝑥2   
 silutid tapad 2.2 hotnoC  :tukireb iagabes  
?̇? � 𝒙𝑨 � 𝒈 
�?̇?1?̇?2





aneraK  s  metsi p  naamasreP malad ek kutnebid tapad sataid laisnerefid naamasre
)5.2(  .raenil laisnerefid naamasrep metsis  tubesret metsis akam  
 :3.2 hotnoC  nakirebiD p metis :tukireb iagabes naamasre  
𝑑𝑥1
𝑑𝑡
� 3𝑥1𝑥2 � 2𝑥2  
𝑑𝑥2
𝑡𝑑
� 3𝑥12 � 𝑥2   
 itrepes kutnebid tapad kadit aneraK )5.2( naamasreP   metsis tubesret metsis akam
.raenilnon laisnerefid naamasrep  
 
2.2   kitiT muirbiliukE   kitiT nalibatseK asilanA nad .muirbiliukE  
 kitiT muirbiliuke   uata ,natsnok naadaek rotkev irad kareg kitit nakapurem
 kitit nial atak nagned muirbiliuke   nupualaw natsnok patet gnay isulos nakapurem
.itnagreb suret utkaw  
 )1002 ,okreP( 1.2 isinifeD  kitiT 𝒙∗ ∈ 𝑹𝒏  kitit tubesid muirbiliuke   utaus irad
d naamasrep metsis :utiay laisnerefi  
?̇? � 𝒇(𝒙)        )7.2(  
 akij 𝒇�𝒙∗� � 0. 
  kitit sinej aud tapadreT muirbiliuke   narabeynep akitametam ledom malad
 kitit ,utiay abokran iakamep muirbiliuke   kitit nad abokran iakamep kimedne kat
muirbiliuke   kitiT .abokran iakamep kimedne muirbiliuke   iakamep kimedne kat
 abokran iakamep udividni tapadret kitit isalupop utaus malad akij idajret abokran
 kitit nakgnades muirbiliuke   naadaek utaus utiay abokran iakamep kimedne






  kitit nalibatsek nakgnadeS muirbiliuke   nakanuggnem naksalejid tapad
:ini tukireb isinifed  
)1002 ,okreP( 2.2 isinifeD   kitiT muirbiliuke   
 
𝒙∗ ∈ 𝑹𝒏   irad  S  )7.2( metsi
:nakatakid  
.a   paites kutnu akij libatS 𝜀 � 0  tapadret 𝛿 � 0  kutnu aggnihes naikimedes
ulos  is 𝒙(𝒕)  ihunemem gnay ‖𝒙(𝒕𝟎) � 𝒙∗‖ � 𝛿  tabikareb akam ‖𝒙(𝒕) �
𝒙∗‖ � 𝜀  paites kutnu 𝒕 � 𝒕𝟎. 
.b   kitit akij kitotmisa libatS muirbiliuke  𝒙∗ ∈ 𝑹𝒏  nagnalib tapadret nad libats
𝛿0 � 0  isulos paites kutnu aggnihes 𝒙(𝒕)  ihunemem gnay ‖𝒙(𝒕𝟎) � 𝒙∗‖ �
𝛿0  tabikareb 𝐦𝐢𝐥 𝒕→∞ 𝒙(𝒕) � 𝒙∗.  
.c   kitit akij libats kitiT muirbiliuke  𝒙∗ ∈ 𝑹𝒏 .)a( ihunemem kat  
 kitit hakapa ijugnem kutnU muirbiliuke   nakanugid akam ,kadit uata libats
 negie ialin airetirk uata  htuoR airetirk - .ztiwroH   ialin isinifed nakirebid tukireB
 .negie  
 )4002 ,notnA( 3.2 isinifeD   akiJ 𝑨  skirtam haubes halada 𝑛 � 𝑛  rotkev akam , 𝒙 
 id lon kadit gnay 𝑹𝒏  skirtam irad negie rotkev tubesid  𝑨   akij 𝒙𝑨   natapilek halada
  irad ralaks 𝒙  :ukalreb ,  
𝒙𝑨 � 𝒙𝝀         )8.2(  
 gnarabes ralaks kutnu 𝝀  ralakS . 𝝀 d  skirtam irad negie ialin tubesi 𝑨  nad 𝒙  tubesid
 skirtam irad negie rotkev iagabes 𝑨 nagned tiakret gnay  𝝀.  
 skirtam irad negie ialin nakutnenem kutnU 𝑨  narukureb gnay 𝑛 � 𝑛  akam ,
:tukireb iagabes naksilutid tapad )8.2( naamasreP  
𝒙𝑨 � 𝒙𝑰𝝀 , 
uata  ,nelaviuke araces  
      ( 𝑰𝝀 � 𝑨)𝒙 � 𝟎         )9.2(  
 anamid 𝐼  ragA .satitnedi skirtam nakapurem 𝜆  surah ,negie ialin idajnem tapad
 isulos ikilimem )9.2( naamasreP .)9.2( naamasreP irad lonkat isulos utas tapadret
:akij aynah nad akij lonkat  
    𝐭𝐞𝐝 ( 𝑰𝝀 � 𝑨)𝒙 � 𝟎      )01.2(  






 kitit nalibatseK muirbiliuke  
 
𝒙∗  nakitahrepmem nagned nakutnetid tapad
ialin -  utiay ,negie ialin 𝜆𝑖, 𝑖 � 1,2, … , 𝑛  naamasrep irad helorepid gnay
.kitsiretkarak  
1.2 ameroeT   )3891 ,nuarB .M(  laisnerefid naamasrep nakirebid ?̇? � 𝒙𝑨   nagned
𝑨  narukureb skirtam halada 𝑛 � 𝑛. 
.a   kitiT muirbiliuke  𝑥∗ libats nakatakid  akij ,  negie ialin aumes 𝐴  ikilimem
.fitagen atayn naigab  
.b   kitiT muirbiliuke  𝑥∗  nakatakid kadit   akij ,libats  negie ialin utas aynkadites
 irad 𝐴  fitisop naigab ikilimem laer . 
akiJ   akam nakutnetid tilus metsis kitsiretkarak naamasrep irad negie ialin
htuoR nalibatsek airetirk nakanugid -  .ztiwruH htuoR airetirK -  nakapurem ztiwruH
alad nakparetid gnitnep gnay airetirk  .raenil metsis utaus satilibats asilana m
htuoR nalibatsek airetirk aneraK -  irad laer naigab adnat tahilem kadit ini ztiwruH
raka uata negie ialin -  naknialem gnusgnal araces kitsiretkarak naamasrep raka
.kitsiretkarak naamasrep irad neisifeok tahilem  
ameroeT   )7002 ,nellA( 2.2 :utiay ,kitsiretkarak naamasrep nakirebid akiJ  
𝑃(𝜆) � 𝜆𝑛 � 𝑎1𝜆𝑛−1 � ⋯ � 𝑎𝑛−1𝜆 � 𝑎𝑛, 
 anamid 𝑎𝑗  ,laer nagnalib nakapurem gnay neisifeok halada 𝑗 � 1,2, … , 𝑛. 
 neisifeok nakanuggnem ztiwruh skirtam helorepiD 𝑎𝑗  laimonilop naamasrep irad
k :tukireb iagabes nakisinifedid gnay kitsiretkara  
        𝐻1 � (𝑎1),                𝐻2 � �
𝑎1 1
𝑎3 𝑎2










𝑎1 1 0 0 … 0







𝑎3 𝑎2 … 0
⋮ ⋮ … ⋮




 anamid 𝑎𝑗 � 0  akij 𝑗 � 𝑛. 
rakA -  laimonilop kitsiretkarak naamasrep irad raka 𝑃(𝜆)  uata fitagen halada
 skirtam aumes irad nanimreted akij aynah nad akij fitagen laer naigab ikilimem







𝑡𝑒𝑑 �𝐻𝑗� � 0,                         𝑗 � 1,2, … , 𝑛. 
 akiteK 𝑛 � 2 htuoR airetirk -  kutnu ztiwruH 𝑡𝑒𝑑 (𝐻1) � 𝑎1 � 0, nad   𝑡𝑒𝑑 (𝐻2) �
𝑡𝑒𝑑 �𝑎1 10 𝑎2
� � 𝑎1𝑎2 � 0  uata 𝑎1 � 0  nad 𝑎2 � 0. 
 htuoR airetirk nakrasadreB -  tajaredreb laimonilop kutnu ztiwruH 𝑛 �
2,3,4 𝑛𝑎𝑑  5  kitit awhab nakataynid muirbiliuke  :akij ,libats  
𝑛 � 2: 𝑎1 � 0  nad 𝑎2 � 0 
𝑛 � 3: 𝑎1 � 0, 𝑎3 � 0  nad 𝑎1𝑎2 � 0 
𝑛 � 4: 𝑎1 � 0, 𝑎3 � 0, 𝑎4 � 0  nad 𝑎1𝑎2𝑎3 � 𝑎32 � 𝑎12𝑎4 
𝑛 � 5: 𝑎1 � 0, 𝑖 � 1,2,3,4,5, 𝑎1, 𝑎2, 𝑎3 � 𝑎32 � 𝑎12𝑎4  nad
(𝑎1𝑎4 � 𝑎5)(𝑎1𝑎2𝑎3 � 𝑎32 � 𝑎12𝑎4) � 𝑎5�𝑎1𝑎2 � 𝑎3�2 � 𝑎1𝑎52. 
.2 hotnoC 4: :tukireb iagabes laisnerefid naamasrep metsis nakirebiD  
𝑥𝑑
𝑡𝑑
� 𝑥 � 2𝑦 
𝑦𝑑
𝑡𝑑
� 3𝑥 � 2𝑦 
 nakutneT t  kiti muirbiliuke   irad nalibatsek nad s .tubesret metsi  
:naiaseleyneP  
𝑥 � 2𝑦 � 0        |� 3|        3𝑥 � 6𝑦 � 0  
3𝑥 � 2𝑦 � 0      |� 1|        3𝑥 � 2𝑦 � 0 _ 
4𝑦 � 0                     
𝑦∗ � 0                     
𝑥 � 2𝑦 � 0  
𝑥 � 2(0) � 0  
𝑥∗ � 0  
tit helorepiD ki  aynmuirbiliuke  (𝑥∗, 𝑦∗) � (0,0)  .  nakutnenem ayntujnaleS
 kitit irad nalibatsek muirbiliuke  (0,0) .tubesret negie ialin gnutihgnem nagned   
.2 hotnoC 5: .2 hotnoc nakrasadreB 4  metsiS iuhatekid p :laisnereffid naamasre  
𝑥𝑑
𝑡𝑑
� 𝑥 � 2𝑦 
𝑦𝑑
𝑡𝑑






D  skirtam helorepi
 
𝐴 :tukireb iagabes  
𝐴 � �1 23 2� 
skirtam irad negie ialin iracid nakA  𝐴 :sataid  
      ted  ( 𝐼𝜆 � 𝐴)𝑥 � 0  
ted  ��𝜆 00 𝜆� �
1 0
0 1� � �
1 2
3 2�� � 0 
ted  ��𝜆 00 𝜆� � �
1 2
3 2�� � 0 
ted  ��𝜆 � 1 � 2� 3 𝜆 � 2�� � 0 
negie ialin helorepid aggnihes   tubesret skirtam irad :tukireb iagabes  
(𝜆 � 1)(𝜆 � 2) � 6 � 0 
𝜆2 � 2𝜆 � 1𝜆 � 2 � 6 � 0 
𝜆2 � 3𝜆 � 4 � 0 
 𝜆1 � 4  nad 𝜆2 � � 1 
 kitit irad akaM muirbiliuke  (𝑥∗, 𝑦∗) � (0,0) ie ialin nalibatsek helorepid , neg   kadit
 irad negie ialin utas anerak libats 𝐴  fitisop naigab ikilimem laer . 
.2 hotnoC 6: 
 naamasrep hakapa ikidileS htuoR airetirk ihunemem ini hawabid kitsiretkarak -
?ztiwruH  
𝑃(𝜆) � 𝜆3 � 5𝜆2 � 3𝜆 � 2 � 0 
 tapadid akam ,tubesret naamasrep nakrasadreB 𝑎1 � 5, 𝑎2 � 3, 𝑎3 � 2. 
 ialin naidumeK 𝑗  skirtam aggnihes ,3 halada sataid kitsiretkarak naamasrep irad
 iapmas aynah aynztiwruH 𝑎5.  skirtam nanimreted aumes nakitkubid nakA
.fitisop halada aynztiwruH  
 kutnU 𝐻1 � (𝑎1), 𝑡𝑒𝑑 (𝐻1) � |5| � 5 � 0. 
 kutnU 𝐻2 � �
𝑎1 1
𝑎3 𝑎2
� , 𝑡𝑒𝑑 (𝐻2) � �
5 1
0 3� � 51 � 0. 








� � 62 � 0. 
,fitisop aynztiwruH skirtam nanimreted aumes aneraK   naamasrep akam






 nalibatsek sisilana ,raenilnon laisnerefid naamasrep metsis utaus kutnU
 laisnerefid naamasrep metsis nakirebid naklasiM .naraenilep iulalem nakukalid
on asaib :tukireb iagabes raeniln  
 
?̇? � 𝑓(𝑥), 𝑥∗ ∈ 𝑅𝑛.      )11.2(  
 kitit utaus kutnu rolyaT isnapske nakanuggnem nagneD muirbiliuke  𝑥∗,  akam
:tukireb iagabes silutid tapad )11.2( naamasreP  
?̇? � 𝐽(𝑥) � 𝜑(𝑥),      )21.2(  




































,                )31.2(  
 nad 𝜑(𝑥) fisreb gnay iggnit edroreb ukus halada  ta mil 𝑛→0 𝜑(𝑥) � 0,  nagned 𝐽�𝑥� 
 tapadid gnay )11.2( naamasreP irad naraenilep tubesid )21.2( naamasreP adap
 kutneb malad ?̇? � 𝐽(𝑥). 
 kitit nalibatsek ijugnem kutnU muirbiliuke   raenilnon laisnerefid naamasrep metsis
negie ialin airetirk nakanuggnem tapad  htuoR airetirk uata - .ztiwruH  
 )1002 ,okreP( 3.2 ameroeT   tafis gnatnet ameroet nakirebid naka ayntujnaleS
 skirtaM negie ialin irad uajnitid gnay )31.2( naamasreP irad lakol nalibatsek
 naibocaJ 𝐽(𝑥). 
.a   naibocaJ skirtaM akiJ 𝐽(𝑥)  iaynupmem 𝜆𝑖 � 0  kutnu 𝑖 � 1,2, … , 𝑛  akam 𝑥 
.lakol kitotmisa libats )2.2( naamasreP irad  
.b   naibocaJ skirtaM negie ialin tapadret akiJ 𝐽(𝑥)  laer naigab iaynupmem gnay
 patet kitit akam ,fitisop 𝑥 libats kadit )2.2( naamasreP irad . 
 
3.2   rasaD iskudorpeR oisaR (𝑹𝟎) 
eynep takgnit iuhategnem kutnU  utaus nakulrepid abokran anuggnep narab
 iskudorpeR oisaR halada nakanugid asaib gnay retemaraP .utnetret retemarap






atar aynkaynab nakataynem gnay -  udividni atar  ralutret tabika rednukes fitkefni
 isalupop malad id gnusgnalreb gnay remirp udividni elbitpecsus  gnay isidnoK .
:tukireb nanikgnumek aratna id utas halas halada lubmit  
.a   akiJ
 
𝑅0 � 1 .gnalihgnem naka abokran anuggnep akam  
.b   akiJ 𝑅0 � 1 naka abokran anuggnep akam  .kaynab nikames  
 tapadret naklasiM 𝑛  nad iskefniret isalupopbus 𝑚  kadit isalupopbus
 alup naklasimid ayntujnaleS .iskefniret 𝑥  nad iskefniret isalupopbus nakataynem
𝑦  nad ,)hubmes nad natner( iskefniret kadit isalupopbus nakataynem 𝑥 ∈ 𝑅𝑛 nad  
𝑦 ∈ 𝑅𝑛  kutnu 𝑚, 𝑛 ∈ 𝑁 :aggnihes ,  
𝑦′ � 𝜑𝑖(𝑥, 𝑦) � 𝜓𝑖(𝑥, 𝑦)  nagned 𝑖 � 1,2, … , 𝑛 
 nagneD 𝜑𝑖  isalupopbus adap habmanem gnay rednukes iskefni ujal halada
 nad iskefniret 𝜓𝑖  nad naitamek ,abokran anuggnep nagnabmekrep ujal halada
narukreb naktabikagnem gnay nahubmesek alupop ayng  isalupopbus irad is
 tapad isasiraenilid halet gnay iskefniret isalupopbus irad naamasreP .iskefniret
:tukireb iagabes naksilutid  
𝑦′(𝐹 � 𝑉)𝑥 
 nagned 𝐹  nad 𝑉  narukureb skirtam halada 𝑛 � 𝑛  nad 𝐹 � 𝜕𝜑𝑖
𝜕𝑢𝑖




 skirtam nakisinifedid ayntujnaleS 𝐾 :iagabes  
𝐾 � 𝑉𝐹 −1 
 nagned 𝐾  iagabes tubesid xirtam noitareneg txen  iskefni irad naparah ialiN .
 irad )nanimod negie ialin( lartkeps suidar halada natner isalupop adap rednukes
 skirtam 𝐾  )1002 ,hguomtaW nad esseirD( hes :aggni  
𝑅0 � 𝜌(𝐾) � 𝜌( 𝑉𝐹 −1). 
 
4.2   akimaniD padahreT itaM namukuH huragneP akitametaM ledoM
abokraN anuggneP halmuJ  
 irad isakifidom nakapurem abokran anuggnep halmuj akimanid ledoM
.kimedipe ledom   gnay tikaynep naralunep ,kimedipe akitametam ledom adaP




II- 01  
 
er udividni nagned  ,ini ledom adap nakgnades ,natn  naasaibek naralunep
anerak nakbabesid abokran nakanuggnem   aratna fitagen iskaretni aynada  udividni
udividni nagned abokran anuggnep  abokran nakanuggnem natner  . M  ledo
halmuj akimanid akitametam ledom halada naktapadid gnay akitametam  
tid gnay kapmad nakitahrepmem nagned abokran anuggnep  irad naklubmi
 gnay itam namukuh hatniremep nakukalrebid hadus . 
isalupoP  ini ledom adap  d  utiay kopmolek 3 idajnem igabi
 
𝑆  nakataynem
natner udividni kopmolek   ,abokran nakanuggnem 𝐼  kopmolek nakataynem
 nakanuggnem uata abokran nakanuggnem gnay udividni  nakradegnem sugilakes
 ,abokran 𝑅  nakataynem  itnehreb gnay udividni kopmolek an nakanuggnem  abokr
.rotkaf aparebeb anerak igal abokran anuggnep idajnem tapad numan  
ismusa nupadA -  kutnebmem malad nakanugid gnay retemarap nad ismusa
akimanid ledom  kgnabmitrepmem nagned abokran anuggnep halmuj  kefe na
 hadus gnay itam namukuh id  a hatniremep nakukalreb :tukireb iagabes halad  
.1  nuhat 6 halada isalupop atoggna hadneret aisU  
.2   abokran naanughalaynep helo nakbabesid kadit gnay naitamek aynadA
)imala naitamek(  
.3   abokran naanughalaynep helo nakbabesid gnay naitamek aynadA
)sisodrevo(  
.4  aiteS  aisureb gnay udividni p t 6 id nuha   nakanuggnem natner nakismusa
abokran  
.5   tapad kutnu naknikgnumid abokran nakanuggnem itnehreb gnay udividnI
igal ilabmek  abokran nakanuggnem gnay udividni idajnem  
.6  k idajret abokran nakanughalaynem naasaibek naraluneP  aynada anera
( fitagen iskaretni las ha   ratikes nagnukgnil nagned gnukudid gnay naluagrep
udividni nanigniek nad kiab kadit gnay   aratna )abocnem kutnu natner
kopmolek nagned abokran anuggnep udividni kopmolek  natner udividni  
.7  hatniremep nakukalrebid hadus gnay itam namukuh aynadA  
p ,ayntukireB  halada nakanugid gnay retemara 𝑏 ynem  takgnit nakata
 ,nuhat 6 idajnem udividni aisu nahabmatrep 𝜇  naitamek takgnit nakataynem




II- 11  
 
nakataynem   gnay udividni naitamek takgnit ughalaynep anerak nakbabesid  naan
 ,sisodrevo itrepes abokran
 
𝛼  takgnit nakataynem naralunep   naasaibek
 anerak idajret abokran nakanughalaynem  halas( fitagen iskaretni aynada
it gnay ratikes nagnukgnil nagned gnukudid gnay naluagrep  nad kiab kad
dni nanigniek  udivi )abocnem kutnu natner   anuggnep udividni kopmolek aratna
n  ,natner udividni kopmolek nagned abokra 𝑘  namukuh kapmad/kefe nakataynem
gnay itam   ,hatniremep nakukalrebid hadus 𝛽  nahubmesek takgnit nakataynem
 )abokran nakanuggnem itnehreb gnay udividni(  nad 𝛾  takgnit nakataynem
ggnem itnehreb hadus gnay udividni  udividni idajnem abokran nakanu  anuggnep
.ilabmek abokran  
,sata id nagnaretek nakrasadreB   irad rila margaid helorep id akam  ledoM
anuggneP halmuJ akimaniD padahret itaM namukuH huragneP akitametaM  
aisenodnI id abokraN   )5102( hisgninirS yriR lanruj helo :tukireb iagabes  
 
  βI 
 b 𝐼𝑆𝛼
1+ 𝐼𝑘
                                    γR 
 
                                        Sμ                              )d + μ(  I                                 μR 
rabmaG  1.2   itaM namukuH huragneP akitametaM ledoM rila margaiD
aisenodnI id abokraN anuggneP halmuJ akimaniD padahret  
 
 naamasrep metsis helorepid akam sata id rila margaid nakrasadreB
:tukireb iagabes laisnerefid  
𝑆𝑑
𝑡𝑑









� (𝜇 � 𝑑)𝐼 � 𝐼𝛽 � 𝑅𝛾  
𝑅𝑑
𝑡𝑑
� 𝐼𝛽 � (𝜇 � 𝛾)𝑅 
isinifed haread nagneD  
 �(𝑆, 𝐼, 𝑅): 𝑆 � 𝐼 � 𝑅 � 𝑏
𝜇
; 𝑆 � 0;  𝐼, 𝑅 � 0;  𝛼 � 0; 𝑏, 𝜇, 𝑑. 𝑘, 𝛽, 𝛾 � 0� 
S I R 
 
 
III BAB  
EDOTEM  NAITILENEP  
 
edoteM   halada ini rihka sagut adap silunep nakanugid gnay naitilenep
ed ukub irajalepmem utiay ,rutaretil iduts arac nagn - nad ukub  lanruj - lanruj   gnay
hakgnal ,aynliated hibel kutnU .nahalasamrep kokop nagned natiakeb - hakgnal  
:tukireb iagabes halada ini rihka sagut naitilenep malad nakukalid naka gnay  
.1  .nakanugid gnay retemarap nad lebairav nakisinifedneM  
.2  ismusa taubmeM -  malad ,retemarap nad lebairav naktabilem gnay ismusa
:awhab nakismusagnem silunep ini naitilenep  
.a  reb isalupoP  ,isargim sesorp idajret isalupop malad anamid ,akubret tafis
.isargim helo nakbabesid isalupop halmuj adap nahaburep  
.b  mi sesorP isargi  isargime nad   adap idajret  aumes isalupopbus . 
.3   halmuj akimanid padahret itam namukuh huragnep RIS ledom nakirebiD











� (𝜇 � 𝑑)𝐼 � 𝐼𝛽 � 𝑅𝛾           )1.3(  
𝑅𝑑
𝑡𝑑
� 𝐼𝛽 � (𝜇 � 𝛾)𝑅  
.4   isargim aynada ismusa nakhabmanem silunep ,)1.3( ledoM nakrasadreB













� (𝜇 � 𝑑� 𝑚2)𝐼 � 𝐼𝛽 � 𝑅𝛾   
𝑅𝑑
𝑡𝑑
� 𝑚1 � 𝐼𝛽 � (𝜇 � 𝛾 � 𝑚2)𝑅  
.5  urabret gnay ledom muirbiliuke kitit nakutnetid )4( hakgnal nakrasadreB  ,
 urab ledom adap laisnerefid naamasrep metsis habugnem arac nagned






.6   ialin nakutnetid )4( hakgnal nagned helorepid gnay urab ledom iraD
 rasad iskudorper (
 
𝑅0). 
.7  id naka ,ayntujnaleS  irad helorepid gnay muirbiliuke kitit nalibatsek asilana  
nem kutnU .urabret gnay ledom  kitit nalibatsek sisilanag muirbiliuke  
 naibocaJ skirtaM nakutnenem nagned metsis adap isasiraenil nakukalid
id halet gnay   ayntujnales ,tubesret negie ialin helorepid haleteS .tapad
htuoR kitsiretkarak ialin nakutnenem - .ztiwruH  
.8   nakanuggnem kiremun isalumis taubmeM elpam erawfos . 




 V BAB  
PUTUNEP  
 
 1.5  nalupmiseK  
  naklupmisid tapad akam ,nakukalid halet gnay nasahabmep nakrasadreB
:tukireb iagabes  
.1   anuggneP halmuJ akimaniD padahreT itaM namukuH huragneP RIS ledoM












� (𝜇 � 𝑚1 � 𝑚2 � 𝑑)𝐼 � 𝐼𝛽 � 𝑅𝛾   
𝑅𝑑
𝑡𝑑
� 𝐼𝛽 � (𝜇 � 𝑚1 � 𝑚2 � 𝛾)𝑅   
 nagneD   isinifed haread  
 �(𝑆, 𝐼, 𝑅): 𝑆 � 𝐼 � 𝑅 � 𝑏
𝐷1
; 𝑆 � 0; 𝐼 � 0; 𝑅 � 0; 𝛼 � 0; 𝑏, 𝜇, 𝑑, 𝑘, 𝛽, 𝛾 � 0�. 
.2  dreT muirbiliuke kitit aud tapa   ledom adap  akitametam  huragneP  namukuH
 adap aisenodnI id abokraN anuggneP halmuJ akimaniD padahreT itaM
akubreT isalupoP :utiay ,  
.a  abokran anuggnep kimedne kat muirbiliuke kitiT  𝑃0 � � 𝑏
𝐷1
, 0,0� 
















1 � 𝑘 �
𝑏 � 𝐷1 �
�𝐷2� 𝛽�𝐷3 � 𝛾𝛽
𝛼𝐷3
�
��𝐷2� 𝛽�𝐷3 � 𝛾𝛽𝛼𝐷3






�𝐷2� 𝛽�𝐷3 � 𝛾𝛽
𝛼𝐷3
� ,
𝑏 � 𝐷1 �
�𝐷2� 𝛽�𝐷3 � 𝛾𝛽
𝛼𝐷3
�
��𝐷2� 𝛽�𝐷3𝐷3 � 𝛾𝛽𝛼𝐷3






𝑏 � 𝐷1 �
�𝐷2� 𝛽�𝐷3 � 𝛾𝛽
𝛼𝐷3
�
��𝐷2� 𝛽�𝐷3 � 𝛾𝛽𝛼𝐷3





















 kitit nalibatsek aud adA muirbiliuke  ledom adap   akitametam huragneP  
 aisenodnI id abokraN anuggneP halmuJ akimaniD padahreT itaM namukuH
akubreT isalupoP adap  , :utiay  






� 1  nad 𝑅0 �
𝛾𝛽
𝐷3
� 1,  akgnaj kutnu itrareb gnay
gnay utkaw   malad uata abokran anuggnep kimedne idajret kadit amal
abokran nakanuggnem gnay ada kadit isalupop . 
.b  nalibatseK   kitit muirbiliuke   kimedne  libats naka abokran anuggnep
akij kitotmisa  𝑎1 � 1. 195685872 � 0, 𝑎2 � 0. 6603851942 � 0  nad
𝑎1𝑎2 � 𝑎3 � 0. 11050403 � 0  itrareb gnay  gnay utkaw akgnaj malad
 abokran anuggnep kimedne idajret ulales isalupop malad id amal pukuc
abokran nakanuggnem gnay udividni tapadret ulales uata . 
.3   akam ,abokran nakanughalaynem gnay udividni halmuj ignarugnem kutnU
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